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(57) ABSTRACT 

An inexpensive battery-powered switch or irrigation valve 
controller designed to conserve the life of both the low 
voltage battery source which operates the processing cir 
cuitry of the controller, as well as the high voltage battery 
source which operates the external switches or irrigation 
valve solenoids. The high voltage battery source is con 
served by maintaining the primary switch-activating capaci 
tor in a discharged state and delaying the charging of this 
capacitor until just before it is to be discharged. The high 
voltage battery source is also conserved by isolating it from 
the primary capacitor immediately prior to discharge, 
thereby avoiding a draw of energy from the high voltage 
battery source itself during discharge. The low voltage 
battery source is conserved through the action of the micro 
processor that remains dormant except for periodic sam 
pling. The controller also includes reliable DC circuits for 
operating remote switches or valve solenoids at distances of 
up to several miles. These unique circuits of the invention 
allow the use of ordinary gauge buried copper wire without 
concern for possible deterioration of the wires from the 

Int. Cl.7 ..................................................... .. H01H 9/00 galvanic effect of the inductive ?eld created by the buried 
US. Cl. ............................................................ .. 361/189 wires carrying the direct current (DC) power. 
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BATTERY POWERED REMOTE SWITCH 
CONTROLLER 

[0001] This is a continuation of copending US. applica 
tion Ser. No. 09/315,375 ?led on May 18, 1999, now US. 
Pat. No. , Which claims the bene?t of US. applica 
tion Ser. No. 09/063,871 ?led Apr. 20, 1998, now US. Pat. 
No. 5,914,847. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to controllers, and 
more particularly to an improved battery poWered program 
mable controller having extended battery life for controlling 
distant sWitches such as irrigation valve solenoids. 

FIELD OF THE INVENTION 

[0003] Programmable irrigation valve controllers are Well 
knoWn in the art. Such controllers are used to open and close 
irrigation valves by providing electric current to solenoids 
located in close proximity to the valves. Relatively large 
electric currents are required to activate and deactivate such 
solenoids. Providing this required electricity is a simple 
matter if an external poWer source is readily available, such 
as a poWer line. HoWever, in many commercial agricultural 
and horticultural situations, controllers must be located at 
remote ?eld locations Where it is impossible or impractical 
to run a poWer line or otherWise provide an external poWer 
source. In some situations, the valves may be in even more 
remote locations that are themselves hundreds or even 

thousands of feet from the controller. Thus, insuf?cient 
voltage or current at the both the controller and at the valves 
is a common problem, especially Where long distances or 
multiple valves are involved. Although some battery poW 
ered irrigation controllers have been developed they do not 
properly address these situations. 

[0004] A signi?cant limitation of existing battery poWered 
irrigation controllers is battery life. TWo sets of batteries are 
generally required by such controllers: loW voltage batteries 
(e.g. 3.5 volts) to operate the programming circuitry, and 
higher voltage batteries (eg 9 or more volts) to provide the 
necessary electrical impulses to operate the valve solenoids. 
The batteries on most existing battery poWered controllers 
must be changed every feW Weeks or months, making them 
inconvenient to maintain and potentially unreliable to 
depend on for controlling irrigation cycles. At least one 
controller has addressed the problem of conserving the loW 
voltage batteries used to operate the computing circuitry. In 
US. Pat. No. 4,423,484 to Hamilton, the microcomputer is 
turned off betWeen cycles thereby conserving the loW volt 
age batteries. HoWever, the Hamilton controller does not 
address conservation of the higher voltage batteries used to 
operate the solenoids. 

[0005] It is typical for an irrigation controller to use 
charging capacitors to operate the valve latching solenoids. 
These are generally large capacitors of 1000 micro farads or 
more. Most controllers (including Hamilton) maintain these 
capacitors in a charged condition, ready for immediate 
discharge to the solenoid upon receipt of a signal from the 
microprocessor (see eg US. Pat. No. 4,718,454 to 
Appleby). In addition, in most controllers these capacitors 
have an uninterrupted connection back to the high voltage 
(eg 9, 12, 18 or more volts) batteries from Which they are 
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charged. Both of these situations reduce the life of the high 
voltage batteries, and give rise to other potential problems 
With the controller. 

[0006] It is knoWn that all charged capacitors leak over 
time. This places a constant drain on the high voltage 
batteries to Which they are connected. Such leakage signi? 
cantly increases With temperature increases. Thus, a fully 
charged capacitor in a controller located in the middle of an 
unshaded ?eld during the hot summer months can rapidly 
deplete the high voltage batteries, even When not in use. The 
larger the capacitor, the larger the leakage current. Also the 
higher the ambient temperature, the higher the leakage. This 
leakage is very signi?cant and could be as much as hundreds 
of microamps. The leakage causes the capacitor to draW on 
the battery poWer supply in order to stay fully charged, 
thereby Wasting energy and leading to the frequent need to 
change batteries Without even any solenoid operation. Pre 
venting this leakage Would conserve the life of the high 
voltage batteries. 

[0007] Battery operated controllers such as Hamilton use 
the high voltage batteries for operating both the solenoids 
and the electronics. Since most loW poWer circuits operate 
from 3 to 5 volts DC, the high voltage batteries must be 
reduced and regulated, thereby Wasting a considerable 
amount of energy. 

[0008] In all controllers, the large capacitors are fully 
discharged in order to operate the valve solenoids. The 
capacitors are then recharged from the high voltage batter 
ies. At the instant the discharge occurs, current may also be 
draWn directly from the high voltage batteries themselves, 
resulting in unnecessary depletion of the high voltage bat 
teries. 

[0009] Reliable operation of Water valve solenoids is 
essential to ensure that Water is regularly delivered to plants. 
Typical irrigation systems are designed to use 24 volts of 
alternating current (AC) to activate and control electric 
solenoids. HoWever, AC poWered irrigation systems suffer 
from several draWbacks. First, AC voltage drops over long 
runs of Wire such that reliable voltage delivery cannot be 
assured beyond a feW thousand feet. Where multiple sole 
noids are operated by a single controller, long runs of 
parallel Wires in close proximity to each other may result in 
capacitive coupling: leakage current and ?oating voltages 
induced by energiZed adjacent Wires. This effect may cause 
unWanted valves to turn on, or fail to cause valves to turn off. 
Other problems With AC systems include potential burn out 
of solenoids close to the controller because of excessive 
primary voltage. 

[0010] Irrigation valve controlling systems also generally 
suffer from susceptibility to lightning, and poWer outages. A 
lightning strike on a valve in the ?eld can couple onto the 
buried Wires and run back to the controller With devastating 
results. ApoWer outage can interrupt irrigation cycles poten 
tially inducing stress to vegetation. 

[0011] A conventional solution to the problem of AC 
voltage drops over long runs of Wire is to provide thick, 
loW-gauge solid Wire (eg 8 gauge solid copper Wire) Which 
has a loWer resistance factor than the thinner, higher-gauge 
Wire. This solution provides a reliable method of controlling 
remote solenoids by decreasing voltage drops. HoWever, the 
high cost of long runs of loW-gauge Wire becomes prohibi 
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tive, especially When several runs are required to operate 
several remote solenoids simultaneously. In addition, since 
the Wires are carrying AC, the capacitative coupling problem 
is still present. 

[0012] Another proposed solution is to provide direct 
current (DC) voltage through long runs of copper Wire to the 
solenoids, since DC systems do not suffer from the capaci 
tive coupling problems of AC systems. HoWever, When 
copper Wires carry DC for long periods of time, the galvanic 
effect of the inductive ?eld created by buried Wires carrying 
the direct current causes the copper in the Wires themselves 
to deteriorate over time, resulting in unreliability and even 
tually requiring replacement. For this reason, such DC 
systems are only used in short distance, above ground 
installations. These systems also suffer from the general 
problems presented by lightning strikes and poWer outages. 

[0013] A third option is to provide a DC poWer source at 
the same remote location as the valve itself utiliZing on-site 
batteries, solar poWer, or an on-site diesel generator. The 
disadvantage of this approach is the high cost of a self 
contained remote system, and the problems of reliability in 
the event batteries or generator fail, or the Weather is 
overcast for several days. 

[0014] My 1994 patent (US. Pat. No. 5,347,421) 
addresses these problems to some extent by providing an AC 
poWer saving module in the form of a local circuit for 
energiZing a solenoid. HoWever, the circuits described in the 
’421 patent require a constant (albeit very loW) current ?oW 
While the valve is open. The loW AC current requirements of 
the ’421 circuits alloW much longer or thinner Wire runs; 
hoWever, since the Wires are carrying AC, the capacitative 
coupling problem is still present. 

SUMMARY OF THE INVENTION 

[0015] The present invention overcomes the disadvan 
tages of prior art irrigation control systems by providing a 
battery poWered sWitch or irrigation valve controller that 
conserves the life of both the loW voltage batteries Which 
operate the controller circuitry as Well as the high voltage 
batteries Which operate the external sWitches or latching 
valve solenoids. Such external sWitches may be located 
great distances from the controller, and can be in the form of 
latching relays for industrial control applications such as 
turning on and off fans, lights, pumps, motors, air condi 
tioners, and the like. The present invention also includes a 
reliable DC circuit for operating latching solenoids or other 
remote sWitches at distances of up to several miles from the 
battery operated controller. The circuit alloWs the use of 
ordinary gauge buried copper Wire Without concern for 
possible deterioration of the Wires from the galvanic effect 
of the inductive ?eld created by the buried Wires carrying the 
direct current. The circuits of the present invention also 
provide an effective deterrent to lightning-induced damage, 
signi?cantly reduce the current required by the sWitch or 
solenoid, and are compatible for use With battery operated 
control systems. The circuits are simple, inexpensive to 
build, and energy ef?cient. 

[0016] In the battery operated controller of the present 
invention, tWo sets of batteries are used. A ?rst set of one or 
more loW voltage batteries (typically 3.0 to 3.6 volts) is 
dedicated to the operation of the internal circuitry of the 
controller (eg the microprocessor). This loW voltage poW 
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ers the controller circuitry directly Without the need for 
regulation Which Would otherWise Waste energy. In addition, 
the circuitry is used in a sampling mode such that it is asleep 
for about 90% of the time. Approximately ten times per 
second it Wakes up and samples the programming inputs for 
about 10 milliseconds, and then goes back to sleep. The 
sleep mode poWer is about 15 microamps While the aWake 
mode draWs about 30 microamps, so the average poWer 
draW is only about 17 microamps, or a 99% poWer saving. 
Occasionally, there Will be times When an optional display 
Will be activated, such as during programming changes, 
Which Will draW more current (in the range of 2-3 milliamps 
for a feW minutes). This arrangement extends the life of the 
loW voltage battery source for as long as 8 to 10 years. 

[0017] A second set of one or more high voltage batteries 
is provided Which is only used for charging the capacitors 
Which operate the remote sWitches or solenoids. This obvi 
ates any need to reduce or regulate this battery source for use 
by the electronic circuitry, so this potential energy loss is 
avoided. 

[0018] In the present invention, the large capacitors may 
be located in close proximity to the sWitch or solenoid to be 
energiZed, Which may be a long distance from the controller 
itself. These capacitors are not charged until just a feW 
seconds before the sWitch or solenoid is to be energiZed. At 
that point, the circuitry enables a transistor or other sWitch 
ing device to turn on and charge such a capacitor through a 
current limiting resistor. Depending on the voltage of the 
high voltage batteries, after an appropriate time interval (of 
betWeen 2 and 20 seconds), for all intents and purposes, the 
capacitor becomes fully charged. Higher voltage batteries 
(eg 24 or 36 volts) Will require a shorter time interval (eg 
2 seconds) to charge the capacitor; loWer voltage batteries 
(eg 9 or 18 volts) Will require a longer time interval (eg 
5 to 10 seconds). FolloWing an isolation step (discussed 
beloW), a sWitching device (eg relay, triac, or the like) is 
used to quickly discharge the capacitor into the remote 
sWitch or latching solenoid. Thereafter, the capacitor 
remains discharged Waiting for the next operation. Leaving 
the capacitor uncharged for long periods of time effectively 
eliminates capacitive leakage current. 

[0019] The present invention avoids another source of 
energy Waste found in typical battery operation. With exist 
ing controllers, When the capacitor discharges, the charging 
resistor is still connected from the high voltage battery 
source to the sWitch or solenoid. This results in a further 
draW of current from the battery directly by the solenoid, 
Which also depletes the battery. In the present design, the 
charging circuit is disabled and isolated by the charging 
transistor or sWitch a feW milliseconds prior to the capacitive 
discharge, thereby eliminating this unnecessary poWer drain. 
The circuit remains isolated until an appropriate time inter 
val (eg a feW seconds) before the next operation, at Which 
point the high voltage battery source is again connected to 
the capacitor for charging folloWed again by isolation imme 
diately before discharge. 

[0020] Lithium batteries are recommended for both the 
loW and high voltage circuits. Lithium batteries have 
extremely long shelf life (10 years), extremely loW self 
discharge (less than 1% per year), and are rated for full 
performance over a Wide temperature range up to 85 degrees 
Centigrade. Most other types of batteries Would self dis 
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charge under typical ambient conditions Within a year. Also, 
lithium batteries have double the energy capacity of alkaline 
batteries, and are lighter in Weight. 

[0021] The circuit board of the present invention and the 
remote charging circuit may be separately potted (encapsu 
lated) so as to prevent impurities from corroding any of the 
component parts. 

[0022] In one embodiment of the invention, the circuitry 
includes at least one pair of DC poWer lines Which originate 
from the controller. A single controller can operate several 
pairs of such poWer lines, each pair eventually leading 
through the circuitry described herein to a sWitch or solenoid 
in the ?eld. In the ?eld, the incoming pair of poWer lines is 
?rst attached to a relay Which controls a set of contacts. 
When DC poWer is applied, the relay causes the contacts to 
close such that poWer is supplied through a resistor to a 
capacitor or other DC charge storage device included in the 
circuit. After a given time interval, depending upon the 
voltage level provided from the poWer source, the capacitor 
becomes substantially fully charged. The poWer is then shut 
off at the source Which causes the relay to release the 
contacts Which return to their original positions. This causes 
a secondary circuit to be completed Which includes the 
capacitor and a sWitch or latching DC solenoid. The comple 
tion of this circuit causes the charge in the capacitor to be 
discharged into the sWitch or into the latching solenoid, 
activating it. Depending upon the polarity of the incoming 
DC poWer, the discharge of the capacitor Will either turn the 
sWitch on or off, or Will either open or close the solenoid. 
The release of the contacts also disconnects the secondary 
sWitch/solenoid circuit from the poWer supply lines, thereby 
eliminating potential lightning strike problems that Would 
otherWise be present With a direct link back to the source. 

[0023] Any appropriate on/off sWitch may be employed in 
the circuit. The controller supplies an appropriate activating 
or deactivating DC voltage When the sWitch is to be toggled. 
Accordingly, most of the time no DC current is carried over 
the lines, eXcept for the feW seconds needed to activate and 
deactivate the sWitch at the beginning and end of an opera 
tion. This all but eliminates any problems presented by the 
galvanic effect, and alloWs for considerably long Wire runs. 

[0024] If a solenoid is used, it should be of the latching 
variety, Which means that once it is activated (opened or 
closed), it remains that Way Without the requirement of a 
constant current running through it. This provides the added 
bene?t of extending the life of the solenoid since the coil 
thereof is not eXposed to constant current Which might result 
in overheating and failure. 

[0025] It is therefore a primary object of the present 
invention to provide an improved battery poWered sWitch 
controller having eXtended battery life. 

[0026] It is also a primary object of the present invention 
to provide a reliable local circuit that may be attached to a 
far distant DC poWer supply or controller for use in oper 
ating a local sWitch, or a local latching solenoid attached to 
a Water supply valve. 

[0027] It is a further important object of the present 
invention to provide a battery poWered programmable irri 
gation valve controller. 

[0028] It is another important object of the present inven 
tion to provide a battery poWered sWitch controller Which 
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does not maintain its activation/deactivation capacitors in a 
fully charged condition at all times. 

[0029] It is another important object of the present inven 
tion to provide a battery poWered controller for operating 
multiple sWitches at remote locations. 

[0030] It is a further important object of the present 
invention to provide a battery poWered programmable con 
troller having circuitry Which does not alloW each capacitor 
to be charged until just before it is knoWn to be needed for 
discharge to activate a sWitch or solenoid. 

[0031] It is a further important object of the present 
invention to provide a battery poWered valve controller 
having a load isolation circuit Which engages to separate the 
high voltage batteries from the capacitors immediately prior 
to discharge of the capacitors. 

[0032] It is a further important object of the present 
invention to provide a battery poWered controller having a 
microprocessor circuit Which isolates the capacitor from the 
high voltage batteries several milliseconds before the sole 
noid is discharged, so as not to also draW on the capacitor 
charging batteries during the discharge operation. 

[0033] It is a further object of the present invention to 
provide a battery poWered programmable irrigation valve 
controller in Which the circuitry does not perform continu 
ous sampling, but instead samples only at regular intervals. 

[0034] It is a further object of the present invention to 
provide a battery poWered controller in Which the circuitry 
is not running in a current consuming operation eXcept at 
regular intervals for a feW milliseconds, thereby prolonging 
the life of the battery. 

[0035] It is a further object of the present invention to 
provide a battery poWered controller in Which the circuit 
board is encapsulated in epoXy so as to prevent impurities 
from corroding any of the component parts, and minimiZing 
exposure to electrostatic discharge. 

[0036] It is a further object of the present invention to 
provide a battery poWered controller Which uses lithium 
batteries for both the high and loW voltage batteries because 
of their greater reliability and long life. 

[0037] It is a further important object of the present 
invention to provide a reliable remote DC circuit for use in 
operating a sWitch Which saves energy by requiring very loW 
current to activate and deactivate the sWitch. 

[0038] It is a further important object of the present 
invention to provide a reliable remote DC circuit for use in 
operating a latching solenoid attached to a Water supply 
valve requiring a very loW current to activate or deactivate 
the latching solenoid. 

[0039] It is a further object of the present invention to 
provide a secondary circuit Which includes a capacitor and 
a sWitch or latching solenoid that is automatically discon 
nected from the DC poWer source When not in use thereby 
avoiding potential lightning strike problems. 

[0040] It is a further object of the present invention to 
provide a reliable circuit for operating a sWitch or latching 
solenoid that may be attached to an DC poWer source over 
a long run of high gauge (loW cost) copper Wire Without any 
galvanic effect. 
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[0041] It is a further object of the present invention to 
provide a remote circuit for operating a sWitch or a latching 
solenoid attached to a Water supply valve that may be battery 
operated. 
[0042] It is a further object of the present invention to 
provide a remote device for operating a remote sWitch or 
solenoid that alloWs for considerable savings in the costs for 
electric current and the costs associated With great lengths of 
loW (larger) gauge Wire. 

[0043] Other objects of the invention Will be apparent 
from the detailed descriptions and the claims herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is block diagram shoWing the general 
con?guration of the battery poWered controller of the 
present invention. 

[0045] FIG. 2 is a circuit diagram of the battery poWered 
controller of the present invention. 

[0046] FIG. 3 is a chart shoWing the charge and discharge 
of a large capacitor of the present invention over time. 

[0047] FIG. 4 is a schematic diagram of an actuator circuit 
of the present invention With controller for use in a com 
mercial environment. 

[0048] FIG. 5 is another schematic diagram of the actua 
tor circuit of the present invention for use in a commercial 
environment. 

[0049] FIG. 6 is a schematic diagram of an alternative 
embodiment of the actuator circuit of the present invention. 

[0050] FIG. 7 is a schematic diagram of a prior art AC 
circuit for activating a solenoid. 

[0051] FIG. 8 is a schematic diagram of a prior art DC 
circuit for activating a solenoid. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0052] Referring to the draWings Wherein like reference 
characters designate like or corresponding parts throughout 
the several vieWs, and referring particularly to FIGS. 1 and 
2, it is seen that the invention includes circuitry (eg a 
microprocessor) 12 poWered by a 3.6 volt lithium battery 
source 11 made up of at least one battery. Although the 
folloWing description refers to operation of a single capaci 
tor and solenoid, the invention may be easily adapted to 
operate multiple capacitors and multiple solenoids or 
sWitches While maintaining the important poWer saving 
features described herein. 

[0053] The circuitry may be programmed using any appro 
priate input means including Without limitation push but 
tons, rotary sWitches, dip sWitches, keypad or a serial or 
parallel port to a computer. A display (LCD or LED or the 
like) may also be provided as part of the circuitry. For 
illustration purposes only, FIG. 1 depicts tWo sets of 
sWitches, set 13 and set 14 for input. Circuitry 12 controls a 
?rst relay 15 (K1) Which is used to send a setting or 
activation discharge from a large capacitor 19 (C1) in the 
controller to a sWitch 20 (eg a solenoid to open a valve). It 
also controls a second relay 16 Which is used to send 
a reverse or de-activation discharge from large capacitor 19 
to sWitch 20 (eg to close a valve). 
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[0054] The circuitry 12 also controls a sWitching circuit 18 
(using transistors Q1 and Q2) betWeen the high voltage 
battery source 17 (if an AC or DC poWer source is available, 
it can be used instead of battery source 17) and the large 
charging capacitors such as 19. TWo functions are performed 
by this circuit. The ?rst function is to delay the charging of 
capacitor 19 until a given interval just before it is to be 
discharged to solenoid 20. The second function is to isolate 
the charging battery source 17 from the recently-charged 
capacitor 19 immediately prior to discharge. 

[0055] Referring to FIG. 2, it is seen that the illustrated 
input sWitches of the ?rst set 13 (S1A-I in FIG. 2), by Way 
of eXample, provide the folloWing possible input functions: 
poWer on/off (sWitch 1); selection betWeen seconds and 
minutes (sWitch 2); Water time of 3 units (sWitch 3); Water 
time of 6 units (sWitch 4); Water time of 12 units (sWitch 5); 
Water time of 24 units (sWitch 6); Water time of 48 units 
(sWitch 7); Water time of 96 units (sWitch 8); and semiau 
tomatic mode (sWitch 9). These timing units can be com 
bined to provide a Wide range of time settings. 

[0056] The input sWitches of the second set illustrated 14 
(S2A-I in FIG. 2), by Way of eXample, provide the folloWing 
possible input functions: start (sWitch 1); stop (sWitch 2); 
select betWeen minutes and hours (sWitch 3); time interval of 
1 unit (sWitch 4); time interval of 2 units (sWitch 5); time 
interval of 4 units (sWitch 6); time interval of 8 units (sWitch 
7); time interval of 16 units (sWitch 8); time interval of 32 
units (sWitch 9). These timing selections can also be com 
bined. 

[0057] Of course, different values and parameters can be 
established for the inputs to the circuitry, and input means 
other than dip sWitches (e.g. push buttons, keypads, rotary 
sWitches, RS-232, parallel, or other port) may also be used, 
particularly if remote addressability is desired. 

[0058] The circuitry 12 reads or samples the input from 
sWitches 13 and 14 over line 31. This sampling is only 
performed at infrequent intervals (e.g. ten times per second 
for 10 milliseconds). During the remainder of the time, the 
circuitry is dormant and only consuming a feW microamps 
from loW voltage battery source 11. MeanWhile, capacitor 19 
is left in an uncharged state. The sampling tells the circuitry 
What function is to be performed When, according to the 
input settings of sWitches 13 and 14. 

[0059] By using the sampling and its internal clock, the 
circuitry is able to detect that an operation (activation or 
deactivation) is upcoming. At an appropriate time before 
such operation is to occur, the circuitry sends a signal from 
pin 4 (see FIG. 2) to transistor Q2 causing transistor sWitch 
O1 to make the connection betWeen the high voltage battery 
source 17 and capacitor 19. This causes capacitor 19 to 
become charged (see FIG. 3). Then, just a feW milliseconds 
before the time for discharging capacitor 19, the circuitry 
sends a second signal to turn off transistors Q1 and Q2 
thereby isolating the high voltage battery source 17 from 
capacitor 19. Almost immediately thereafter, capacitor 19 is 
discharged to the sWitch or solenoid. Capacitor 19 remains 
in a discharged state until just before the neXt time an 
operation occurs. At that time, the above process is repeated 
for that operation, etc. 

[0060] Circuitry 12 controls Whether the charge sent to the 
sWitch or solenoid is an activation pulse (eg to open the 
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solenoid) or deactivation pulse (eg to close the solenoid) by 

using relay 15 (K1) and double pole reversing relay 16 Solid state switching mechanisms could be used in place of 

relays K1 and K2. A signal from pin 2 to transistor Q3 
operates relay K1 causing a direct charge to be sent via relay 
K1 to open the sWitch or solenoid 20. Signals from circuitry 
pins 2 and 3 to transistors Q3 and Q4 operate both relays K1 
and K2, causing a reverse charge to be sent via relay K1 and 
double pole reversing relay K2 to close sWitch or solenoid 
20. 

[0061] The prior art circuit of FIG. 7, shoWs a typical AC 
solenoid controller 111 connected to a 115 volt AC input 
112. Controller 111 is typically located at a central location 
and may be several hundred or several thousand feet from 
solenoids 113. A great deal of poWer (500 milliamps) is 
required to operate these solenoids; the proximity of output 
lines 114 and common line 115 may result in capacitive 
coupling; and the direct link betWeen the solenoids and the 
controller exposes the controller to damage from lightning 
strikes. 

[0062] Referring to the prior art DC circuit of FIG. 8, it is 
seen that a battery source 116 is connected to a controller 111 
to provide DC current, and that DC current is supplied doWn 
lines 114 and 115 leading to a solenoid 113. Such circuits are 
limited to being able to only operate one solenoid at a time, 
and the copper Wires 114 and 115 cannot be buried in the 
ground or they Will be exposed to galvanic deterioration. 

[0063] Referring then to FIGS. 4, 5 and 6 it is seen that a 
typical circuit of the present invention includes input leads 
131 and 132 from a direct current (DC) poWer source (or 
controller) 12. Circuitry Within the controller determines the 
polarity of the poWer provided to lines 131 and 132, depend 
ing on Whether such poWer is being sent to latch (normal 
polarity) or unlatch (reverse polarity) the solenoid. A relay 
coil 124 is provided on lines 131 and 132. When a DC 
voltage is applied to coil 124, it closes contacts 125 and 126. 
This brings capacitor 128 (C1) and resistor 128 (R1) into the 
circuit, causing the capacitor 128 to become charged over 
resistor 123. 

[0064] When a DC voltage is applied to the relay coil, the 
only current draW is to that coil. For illustrative purposes, a 
typical coil may draW approximately 15 milliamps, although 
coils having a much loWer draW could be used. This load 
Would be considered the inrush current in normal solenoid 
operation. Since the inrush and holding current are the same 
in DC operations, this is also the holding current. Including 
the resistor 123 could add, for example, about 5 milliamps 
for a total of 20. Of course different combinations of coils 
and resistors could be used to bring doWn the draW to as little 
as 10 total milliamps. This compares to the very high inrush 
current required by AC solenoids (on the order of 500 
milliamps) Which is eliminated in the DC circuit of the 
present invention. 

[0065] After a time interval sufficient to charge capacitor 
128 (usually only a feW seconds), the DC poWer is removed 
from the circuit, causing the coil and the relay to drop out. 
This causes contacts 125 and 127 to connect. This results in 
the completion of a secondary circuit involving capacitor 
128 and sWitch or latching solenoid 129 Whereby capacitor 
128 discharges into sWitch or solenoid 129 causing it to 
latch. Later, When it is time to toggle the sWitch or unlatch 
the solenoid, DC poWer With reversed polarity is applied to 
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lines 131 and 132. Relay 124 is once again activated for a 
feW seconds, sufficient for capacitor 128 to again become 
charged, this time With opposite polarity. When poWer is 
removed from the circuit, relay 124 drops out and contacts 
125 and 127 are again joined. This results in an oppositely 
polariZed discharge from capacitor 128 to sWitch or solenoid 
129 causing it to unlatch. 

[0066] The galvanic effect of buried copper Wires carrying 
DC poWer is virtually eliminated With this circuit since the 
DC poWer is only applied over lines 131 and 132 for very 
short time intervals (1 to 20 seconds) and only at the 
beginning and at the end of the valve operation. Accordingly, 
very little current is expended at all, making the invention 
ideal for use in battery operated systems. This compares to 
the constant holding currents required in standard 24 volt 
AC systems (on the order of 250 milliamps), and those 
required in my ’421 device (on the order of 60 milliamps) 
Which, although small, Would not be ideal for battery 
operation. 
[0067] Since this is a DC system, there is no capacitive 
coupling or ?oating voltage problem. Multiple sWitches or 
valve solenoids can be operated in parallel With this design, 
as many as 20 at a time if needed, Which is common in 
agricultural applications. 
[0068] One of the most signi?cant advantages of the 
present system is the very long distance that a sWitch or 
valve solenoid can be placed aWay from a controller. A 
knoWn battery controller advertises a distance of up to 800 
feet betWeen controller and valve using 14 gauge Wire. 
HoWever, the present invention using 14 gauge Wire alloWs 
a round trip distance of over 19 miles! In particular, 14 
gauge Wire has a knoWn resistance of approximately 2.5 
ohms per 1000 ft. AlloWing 500 ohms of resistance over the 
line (Which reserves as much as 1500 ohms for the relay coil 
124 and resistor 123) results in an available distance of 
200,000 feet. This translates to 38.02 miles, or a distance D 
of over 19 miles betWeen controller and circuit. Using much 
smaller 20 gauge Wire having a knoWn resistance of 10 ohms 
per 1000 ft., and again alloWing 500 ohms of resistance over 
the Wire, the result is still 50,000 feet Which translates to 
9.47 miles or a distance D of over 4.7 miles betWeen 
controller and circuit. 

[0069] In the alternative embodiment of FIG. 6, the DC 
pulse still arrives across lines 131-132. Relay coil 124 is 
activated (closing contacts 125 and 126) through by the 
initial DC voltage through capacitor 134. Once activated, 
capacitor 134 becomes fully charged and opens so that coil 
124 is held activated by means of the voltage through 
resistor 133. Since the typical holding voltage of a DC relay 
coil is ten percent (10%) of the nominal (activating) voltage, 
a resistor on the order of tWo to three times the coil DC 
resistance should be adequate to keep the relay activated as 
long as the DC pulse is present across input 131-132. 

[0070] As a result of this alternate design, the current to 
the circuit is further reduced by approximately another 50% 
on the average from the circuit of FIG. 5. The average DC 
current can thereby be on the order of about 10 milliamps. 
By this further reduction, tWice the distance can be attained 
(because of half of the current) from FIG. 5. In addition, this 
further reduces the current demand on the controller DC 
supply, doubling its life expectancy. Or, alternately, tWice as 
many valves can be operated With the design of FIG. 6. 
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[0071] For illustrative purposes and by Way of example 
only, and Without limiting the scope of the appended claims 
herein, using a 24 volt DC poWer source, a relay coil 124 
may be selected having a resistance of 1500 ohms, a resistor 
123 may be selected having a resistance of as high as 5000 
ohms, a non-polarity sensitive capacitor 128 may be selected 
having a capacitance of 1000 microfarads at 25 volts, 
and a sWitch or latching solenoid 129 may be selected 
having a coil resistance of betWeen 5 and 10 ohms. If the 
relay coil requires 15 volts for activation, then approxi 
mately 937.5 ohms of calculated resistance are available for 
the Wire. This is based on solving the equation R=E/I 
(Resistance=Voltage/Current) With 15 volts (pull in voltage 
of relay) to 24 volts (supplied voltage) With coil resistance 
of 1500 ohms. Using 14 gauge Wire at 2.5 ohms of resistance 
per 1000 ft., this translates into a distance of 375,000 feet 
(over 70 miles); using 20 gauge Wire at 10 ohms of resis 
tance per 1000 ft. this translates into a distance of 93,700 
feet (over 17.7 miles). 

[0072] Establishing the values of these circuit parts 
requires making a determination of the energy needed to 
reliably activate the solenoid under ?eld conditions. This 
Will ?x the value of capacitor 128. Then the resistance of 
resistor 123 must be established. This Will be a compromise 
betWeen the desired maximum distance of the Wire run and 
the time required to charge the capacitor. A high resistance, 
long Wire run Would add to the charge time of the capacitor 
by adding the Wire resistance to that of resistor 123. Typi 
cally, this may add as much as another ten percent (10%) of 
charge time, since a Wire resistance of 500 ohms in series 
With resistor 123 having a resistance of 5000 ohms is ten 
percent (10%). Once the capacitor, resistor and Wire lengths 
are determined, the time interval for charging the capacitor 
can be computed. Normally, a charging time of betWeen 2 
and 20 seconds is adequate for this purpose. By using a 
higher DC voltage (eg 36 volts), the charging time interval 
can be reduced. This time can be programmed into the 
controller softWare for a precisely timed DC pulse. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0073] In the preferred embodiment, a single 3.6 volt AA 
siZed lithium battery 11 is used to poWer the printed circuit 
board 12, and a group of 9-volt replaceable lithium batteries 
17 are used in series to provide a multiple of 9 (eg 18, 27, 
36, 45 etc.) volts of poWer to the capacitors. Alternatively, 
any combination of DC batteries 17 providing a voltage of 
betWeen 9 and 36 volts may be used. Each capacitor 19 (C1 
in FIG. 2) should have a capacity of betWeen approximately 
1000 and 2500 micro farads at 25 volts, preferably 2200 
pF at 25 volts. 

[0074] The delay time before each capacitor is alloWed to 
be charged is approximately 5 seconds, although a longer 
time interval may be employed (eg 10 seconds) so long as 
it is reasonably close to the time for discharge so that leakage 
is minimiZed. A5 time constant interval generally alloWs the 
2200 pF capacitor 19 to reach a 98% charge from an 18-volt 
poWer supply 17 before it is discharged to solenoid 20, 
thereby avoiding any leakage. If a 36-volt poWer supply is 
used (i.e. four 9-volt batteries), a shorter interval (e.g. 2-3 
seconds) is all that is required. 

[0075] The capacitor-charging battery source 17 should be 
isolated from the capacitors at some time prior to discharge 
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of the capacitors. Although this isolation may be performed 
at any time before discharge, the preferred time interval is 
approximately 31 milliseconds. 

[0076] It is to be understood that variations and modi? 
cations of the present invention may be made Without 
departing from the scope thereof. It is also to be understood 
that the present invention is not to be limited by the speci?c 
embodiments disclosed herein, but only in accordance With 
the appended claims When read in light of the foregoing 
speci?cation. 
[0077] In particular, it should be noted that although the 
diagram of FIG. 2 shoWs circuitry for operation of a single 
capacitor and sWitch/solenoid, this circuitry can be easily 
adapted for use in controlling multiple capacitors and 
sWitches/solenoids While maintaining the same poWer sav 
ing features of the invention (maintaining capacitor in 
discharged condition until just seconds prior to discharge, 
isolation of capacitor from poWer source immediately prior 
to discharge, quiescent circuitry, etc.). 

What is claimed is: 
1. A circuit for energiZing valve solenoids comprising: 

a. a ?rst DC battery poWer source, at least one DC charge 
storage means, a ?rst sWitchable connection betWeen 
said ?rst poWer source and said DC charge storage 
means, and a second sWitchable connection betWeen 
said DC charge storage means and said solenoid; and 

b. a second loW voltage DC battery poWer source, and a 
microprocessor means connected to said loW voltage 
DC battery poWer source for controlling said sWitch 
able connections such that said ?rst connection defaults 
to an open condition, but upon the commencement of 
a programmed operation by said microprocessor, said 
?rst connection is closed for a measured interval in 
order to provide a charge to said DC charge storage 
means Whereupon said ?rst connection is again opened 
just before said second connection is closed causing 
said DC charge storage means to be discharged to a 
valve solenoid. 

2. The circuit of claim 1 Wherein a third sWitchable 
connection is provided betWeen said DC charge storage 
means and said solenoid, said third connection including 
circuitry to reverse the polarity of the charge to said solenoid 
such that upon the conclusion of a programmed operation by 
said microprocessor, said ?rst connection is closed for a 
measured interval in order to provide a charge to said DC 
charge storage means Whereupon said ?rst connection is 
again opened just before said third connection is closed 
causing said DC charge storage means to be discharged to 
said solenoid. 

3. The circuit of claim 2 Wherein said microprocessor 
means includes an internal clock and is connected to a 

plurality of resettable input sWitches, said microprocessor 
means being programmed to default to a dormant non-poWer 
consuming state except for periodic sampling of said input 
sWitches at preset intervals according to said clock. 

4. The circuit of claim 2 Wherein the measured interval for 
providing a charge to said DC charge storage means is about 
?ve seconds. 

5. The circuit of claim 2 Wherein the time betWeen the 
opening of said ?rst connection and the discharge of said DC 
charge storage means to said solenoid is about 31 millisec 
onds. 
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6. The controller of claim 2 wherein said ?rst DC battery 
power source has a voltage of betWeen about 9 and about 18 
volts DC. 

7. The controller of claim 2 Wherein said second loW 
voltage DC battery poWer source has a voltage of betWeen 
about 3 and about 4 volts DC. 

8. The controller of claim 2 Wherein said DC charge 
storage means has a capacity of betWeen 1000 and 2500 
micro farads. 

9. Acontroller for energiZing a valve solenoid comprising: 

a. a computing means including an internal clock; 

b. resettable sWitch means connected to said computing 
means for supplying an input signal thereto; 

c. a ?rst means for supplying loW voltage electrical energy 
to said computing means; 

d. a second means for supplying higher voltage electrical 
energy to said circuit; 

e. at least one DC charge storage means; 

f. a ?rst sWitchable connection means betWeen said higher 
voltage energy supply means and said DC charge 
storage means, said connection being controlled by said 
computing means according to an input signal such that 
said ?rst connection is closed for a predetermined time 
interval and thereafter opened in order to provide a 
charge to said DC charge storage means; and 

g. a second sWitchable connection means betWeen said 
DC charge storage means and a solenoid, said second 
connection being controlled by said computing means 
such that said second connection is closed immediately 
folloWing the opening of said ?rst connection in order 
to discharge said DC charge storage means to said 
solenoid. 

10. The controller of claim 9 further including a means 
betWeen said DC charge storage means and said solenoid 
controlled by said computing means for reversing the polar 
ity of the discharge from said DC charge storage means to 
said solenoid. 

11. The controller of claim 10 Wherein said ?rst sWitch is 
closed for a predetermined interval and thereafter opened in 
order to provide a charge to said DC charge storage means, 
said reversing means is activated in order to reverse the 
polarity of the discharge to said solenoid, and said second 
connection is then closed immediately folloWing the open 
ing of said ?rst connection in order to discharge said DC 
charge storage means to said solenoid. 

12. The controller of claim 9 Wherein said computing 
means remains inactivated eXcept about once per second for 
about 10 milliseconds at Which time said clock causes said 
computing means to sample said resettable sWitches to 
determine Whether any input signal is present. 

13. The controller of claim 9 Wherein said pre-determined 
time interval is about 5 seconds. 
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14. The controller of claim 9 Wherein said ?rst means for 
supplying loW voltage electrical energy is a battery source 
having a voltage of betWeen about 3 and about 4 volts DC. 

15. The controller of claim 9 Wherein said second means 
for supplying higher voltage electrical energy is a battery 
source having a voltage of betWeen 10 about 9 and about 18 
volts DC. 

16. The controller of claim 9 Wherein said DC charge 
storage means has a capacity of betWeen 1000 and 2500 
micro farads. 

17. The controller of claim 9 Wherein the time betWeen the 
opening of said ?rst connection and the discharge of said DC 
charge storage means to said solenoid is about 31 millisec 
onds. 

18. A battery poWered valve control system comprising: 

a. a microprocessor including an internal clock for con 
trolling an electrical circuit; 

b. a plurality of resettable sWitches connected to said 
microprocessor for supplying an input signal thereto, 
said microprocessor being programmed to remain inac 
tive eXcept about once per second for an interval of 
about 10 milliseconds at Which time said clock causes 
said microprocessor to sample said resettable sWitches 
to determine Whether any input signal is present; 

c. a ?rst DC battery poWer source having a voltage of 
betWeen about 3 and about 4 volts DC for supplying 
electrical energy to said microprocessor; 

d. a second DC battery poWer source having a voltage of 
betWeen about 9 and about 18 volts DC for supplying 
electrical energy to said circuit; 

e. at least one DC charge storage means having a capacity 
of betWeen 1000 and 2500 micro farads; 

f. a ?rst sWitchable connection betWeen said second 
poWer source and said DC charge storage means, said 
connection being controlled by said microprocessor 
according to an input signal such that said ?rst con 
nection is closed for an interval of approximately ?ve 
seconds and thereafter opened in order to provide a 
charge to said DC charge storage means; 

g. a relay betWeen said DC charge storage means and a 
solenoid, said relay being controlled by said micropro 
cessor such that said relay is closed several millisec 
onds folloWing the opening of said ?rst connection in 
order to discharge said DC charge storage means to said 
solenoid; and 

h. a second relay betWeen said DC charge storage means 
and said solenoid controlled by said microprocessor for 
alternatively reversing the polarity of the discharge 
from said DC charge storage means to said solenoid. 


